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Mesoderm formation plays a crucial role in the establishment of the chordate body plan. In this regard, lancelet embryos
develop structures such as the anteriorly extended notochord and the lateral divertecula in their anterior body. To elucidate
the developmental basis of these structures, we examined the expression pattern of a lancelet twist-related gene, Bbtwist,
from the late gastrula to larval stages. In late-gastrula embryos, the transcripts of Bbtwist were detected in the presumptive
®rst pair of somites and the middorsal wall of the primitive gut. The expression of Bbtwist was then upregulated in the
lateral wall of somites and the notochord. At the late-neurula stage, it was also expressed in the anterior wall of the
primitive gut, as well as in the evaginating lateral diverticula. No signal was detected in the left lateral diverticulum when
it was separated from the gut, while in the right one, the gene was expressed later during the formation of the head coelom
in knife-shaped larvae, and in the anterior part of the notochord in the same larvae. In 36-h larvae, only faint expression
was detected in the differentiating notochordal and paraxial mesoderm in the caudal region. These expression patterns
suggest that Bbtwist is involved in early differentiation of mesodermal subsets as seen in Drosophila and vertebrates. The
expression in the anterior notochord may be related to its anterior expansion. The expression in the anterior wall of the
primitive gut and its derivative, the lateral diverticula, suggests that lancelets share the capability to produce a mesodermal
population from the tip of the primitive gut with nonchordate deuterostome embryos. q 1998 Academic Press
INTRODUCTION 1995), Pax-1 (Holland and Holland, 1996), Distal-less (Hol-
land et al., 1996), and Otx (Williams and Holland, 1996)
Since their rediscovery by Costa (1834), lancelets have cognates have been cloned, and their expression patterns
been the object of studies on the origin of the vertebrate demonstrate a similarity to those of vertebrates. Lacalli et
and its body plan (Kowalevsky, 1867; Hatchek, 1881; Lan- al. (1994) found structures homologous with those of verte-
kester and Willey, 1890; Willey, 1891; Conklin, 1932; Hira- brates in the anterior region of the central nervous system
kow and Kajita, 1990, 1991, 1995). Recently, Hox genes by electron microscopy. These studies suggest that lance-
(Holland et al., 1992; Holland and Garcia-FernaÁndez, 1996), lets and vertebrates share many features in their develop-
Brachyury (T ) (Holland et al., 1995a; Terazawa and Satoh, ment. Systematically, cephalochordates have recently been
regarded as the sister group of the vertebrate (Schaeffer 1987;
Nielsen, 1994; Turbeville et al., 1994; Wada and Satoh,1 To whom correspondence should be addressed. Fax: /81-99-
1994; Peterson, 1995; Nielsen et al., 1996).275-6108. E-mail: furaha@dentc.hal.kagoshima-u.ac.jp.
It is evident, however, that lancelets possess both inverte-2 Present address: Department of Marine Biotechnology, Ocean
brate and vertebrate characteristics, and the putative simi-University of Qingdao, 5 Yushan Road. Qingdao 266003, People's
Republic of China. larity of their structures to those of vertebrates, e.g., the
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pharyngeal system, requires reexamination (Welsch, 1975; mice, and humans, as well as similar genes encoding the
bHLH domain, and the expression pattern was examinedGans and Northcutt, 1983; Gans, 1996). Furthermore, the
estimation of divergence time between cephalochordates by in situ hybridization. Based on the expression pattern,
we propose that lancelets possess both nonchordate deuter-and vertebrates based on aldolase and triose phosphate iso-
merase, which show rather constant mutation rates, has ostome-like and vertebrate-like characteristics during their
development.demonstrated that the split might occur shortly after the
divergence of chordates and arthoropodes (Nikoh et al.,
1997). It remains a possibility that the deuterosome mem-
bers diverged in a rather short time span. MATERIALS AND METHODS
During embryonic and larval development, lancelets
display speci®c features like the anteriorly extended no- Specimens of a Lancelet Species
tochord, lateral diverticula (anterior gut diverticula;
Embryos and larvae of a lancelet species, B. belcheri tsintauense,Hatschek, 1881), a mouth that initially opens on the left,
were collected at the Institute of Oceanology, Qingdao, China dur-and unpaired pharyngeal pores in the anterior region of
ing the breeding seasons of 1994±1996. Matured animals were col-the body. The lateral diverticula, which are formed from
lected from Kioachow Bay near Qingdao about a week before thethe anterior wall of the primitive gut, differentiate into
onset of breeding and kept in large earthen vessels with aeration
the preoral pit on the left and the head coelom on the (Hirakow and Kajita, 1990). Fresh seawater and plankton were sup-
right. The lateral diverticula were regarded as the ®rst plied daily. Females swimming up to lay eggs from the sand were
somite by some (Koltzoff, 1901; MacBride, 1914; Good- caught with a net and immediately put into a large petri dish con-
rich, 1934; Jefferies, 1986) because of their putative ho- taining naturally inseminated seawater. Captured females spawn
naturally in the dish. This method provided synchronously devel-mology with the premandibular somites in vertebrates.
oping embryos. Scheduled embryos and larvae (Hirakow and Kajita,The notochord of lancelets extends up to the anterior
1995) were collected and ®xed for the observation of plastic sectionsextremity beyond the dorsal nerve cord. The develop-
and whole-mount in situ hybridization, and a large amount of neu-mental basis of these well-known characteristics is not
rulae was collected and quickly frozen in liquid nitrogen for con-fully understood.
struction of a cDNA library.The development of the notochord and lateral diverticula
is related to the mode of mesoderm formation. Although
mesoderm formation varies considerably in animals (Rup- Construction of cDNA Library and Cloning of
pert, 1991), in chordates it is rather invariable and plays Bbtwist
a crucial role in the establishment of the body plan. One
cDNA was synthesized from poly(A)/ RNA isolated from laterimportant gene related to early mesoderm formation is the
neurulae and the library was constructed in Uni-Zap XR vectortwist gene. The characterization of lancelet twist-related
(Stratagene, CA). It was screened with a 297-bp PCR-derived frag-gene should help to elucidate the lancelet body plan. The
ment of a mouse M-twist gene containing the bHLH region (unpub-protein encoded by twist-related genes is a transcription
lished data) under low stringency conditions. Two positive clones,
factor containing a basic helix±loop±helix (bHLH) domain, AT2 and AT3, were isolated, and their inserts were excised in vivo
which participates in initial mesoderm differentiation ac- and cloned in pBluescript (SK/) phagemid vector. Both strands were
companied by snail or its related genes (Leptin and Grune- sequenced using a ThermoSequenase kit (Amersham, IL) with an
wald, 1990; Leptin, 1991). twist was ®rst identi®ed in Dro- ALFexpress autosequencer system (Pharmacia Biotech., NJ). Amino
sophila (Thisse et al., 1987a), and its orthologues have been acid sequences within the bHLH domain of Bbtwist and other
bHLH proteins were compared using Clustal V software (Higginscloned in Xenopus (Hopwood et al., 1989), mice (Wolf et
et al., 1992). A dendrogram based on bHLH domains was drawn byal., 1991), and humans (Wang et al., 1996). Although the
the neighbor-joining method (Saitou and Nei, 1987) using the sameexpression patterns of the vertebrate cognates differ some-
software.what from each other, most are common in these species.
They are expressed in the paraxial mesoderm prior to mus-
cle differentiation, young notochord, and lateral mesoderm. Whole-Mount in Situ Hybridization
They are also expressed in migrating head neural crest cells
and at their destination, mesenchyme in the pharyngeal Embryos and larvae were ®xed with freshly prepared 4% para-
formaldehyde in 0.5 M NaCl, 0.1 M Mops (pH 7.5) at 47C overnight(branchial) arches. In Xenopus, the transcripts are present
and transferred into 70% ethanol after passing through 30 and 50%in the notochord until the later stages. These characteristics
ethanol (Holland et al., 1992). The dehydrated specimens wereof the twist cognates in vertebrates help us to gain phyloge-
stored at 0207C until use. The unhatched embryos were dechorio-netic and developmental insights into the mesodermal ante-
nated with ®ne tungsten needles under a dissection microscope.rior structures of developing lancelets.
All further treatments of the specimens were performed using mi-
We have cloned an almost full-length cDNA of twist- crotubes. The methods and conditions of whole-mount in situ hy-
related gene, Bbtwist, from a library constructed from the bridization in the present study were as in Wada et al. (1995), except
neurula embryos of a Chinese lancelet species, Branchio- for the proteinase K treatment (7.5 mg/ml for 10 min at room tem-
stoma belcheri tsingtauense. The gene was characterized in perature (Holland et al., 1992)). Digoxigenin-labeled sense and anti-
sense riboprobes (DIG-probe) were synthesized in vitro from thecomparison with the orthologues of Drosophila, Xenopus,
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linearized plasmids containing EcoRI±SmaI (014 to /1096, Fig. mouse, and human Twist-related proteins and mouse
1) and EcoRI±XhoI (/1435 to /2124) fragments according to the Dermo-1 revealed 44±63% identity over the complete cod-
supplier's instructions (Boehringer Manheim, Germany). The DIG ing sequence and several stretches of conserved amino acid
probes synthesized from both fragments were combined to make residues within the N-terminal region (data not shown).
the hybridization solution. Coloration was performed for 1±2 days Based on the overall similarity of amino acid sequence of
at room temperature; then colored specimens were washed with
BbTwist to other Twist-related proteins and on the expres-phosphate-buffered saline (PBS) and stored in glass tubes containing
sion pattern of Bbtwist described below, we believe that70% glycerol in PBS. The cleared embryos and larvae were mounted
Bbtwist is a lancelet ortholog of twist gene.on depressed slide glass and photographed under bright®eld. The
well-labeled specimens were embedded according to a modi®ed
Spurr's method (Kushida, 1980). Some of the specimens were coun-
Expression Pattern of Bbtwist from Late Gastrulaeterstained with ponceau S (Holland et al., 1995b) before the embed-
to Larvae with a Newly Opened Mouthding. The block was sectioned at 3mm with glass knives, and sec-
tions without counterstain were then stained with aqueous picric Bbtwist was expressed in the late gastrulae (stage G6,
acid at 507C. Hirakow and Kajita, 1991), the youngest embryos in this
study. In the dorsal view, the transcripts appeared at three
spots (Fig. 3a). The largest and strongest signal was foundPlastic Serial Sections
in the posterior half of the middorsal primitive gut wall.
Specimens were ®xed with 2% paraformaldehyde and 2.5% glu- Two other signals were weak and probably located in the
taraldehyde buffered with ®ltered seawater (FSW) overnight and presumptive ®rst pair of somites (the lateral diverticula
then stored in FSW at 47C until use. Prior to the post®xation, the were excluded from the numbering), where morphological
specimens were treated with 1 N HCl for 30 min at room tempera- distinction was not yet recognized. No transcripts were
ture to remove debris and washed with FSW three times. They found at the blastopore lip (Figs. 3a and 3b).
were post®xed with 1% osmium tetroxide in FSW for 40 min at As the somites develop (stages N1±N2, Hirakow and Kaj-
47C and embedded in Epon 812 after dehydration through an etha-
ita, 1995), the blastopore is closed leaving a ®ne neurentericnol series and preincubation in propilen oxide. The Epon block was
canal. In those embryos, the transcripts were detected insectioned at 1mm and stained with 0.1% tolidine blue containing
the segregated and posterior differentiating somites, as well1% sodium borate at 607C.
as the posterior part of the notochordal plate (Figs. 3c and
3d). The expression in the somites was upregulated, while
that in the posterior notochordal plate was downregulated.RESULTS
Anteriorly, another expression appeared in the notochordal
plate under the anterior neuropore in N2 embryos (Fig. 3c).Characterization of the Lancelet twist-Related
As somitogenesis progresses further (stages N2±N3), theGene, Bbtwist
notochord is separated from the gut as a rod. Bbtwist contin-
ued to be expressed in the notochord, especially at the ven-Screening of the cDNA library constructed from the
lancelet neurulae with a M-twist PCR fragment containing tral and dorsal midlines (Figs. 3e and 4a). In the somitic
region, the hybridization signal weakened in the lateralbHLH region yielded two positive clones, AT2 and AT3.
Sequencing of both ends of these two cDNAs showed that view (Fig. 3f) because the transcripts were restricted within
the thin lateral wall of somites, as clearly demonstrated inthey were likely derived from the same gene (data not
shown). The longer clone, AT2, was chosen for further anal- the sections (Figs. 4a and 4b). In whole-mount N3 embryos,
the expression was also noticeable anterior to the ®rst so-ysis. It contains a 2.1-kb insert including a potential open
reading frame of the nucleotides from 147 to 734 and a long mite (Fig. 3f), where two outpockets known as the lateral
diverticula were evaginating from the gut wall (Fig. 4c). In3* noncoding region which is often seen in genes encoding
the bHLH domain (Fig. 1). The open reading frame encodes N2 embryos which did not yet develop the lateral divertic-
ula, a weak hybridization signal was detected in the anteriora 196-amino-acid protein with the bHLH domain. We desig-
nated the corresponding gene as Bbtwist. gut wall from which the lateral diverticula would appear
(Fig. 4b, double arrows). The expression in the notochordNeighbor-joining analysis of amino acid sequences within
the bHLH domain involving BbTwist, Twist, and other was downregulated in the midway of the body. Within the
primitive gut of neurula embryos, free-¯oating round cellsbHLH proteins shows that BbTwist forms a cluster with
the proteins encoded by twist and its orthologues, as well were found, especially near the neurenteric canal (Fig. 3f).
They were similar in appearance to the scattered cellsas mouse Dermo-1 (Li et al., 1995), a protein which is quite
similar to vertebrate Twist-related proteins (Fig. 2a). The within the amniotic cavity in the mouse (Stoeztel et al.,
1995). Those cells in the mouse express M-twist, whereasother proteins containing the bHLH domain were separated
from BbTwist. Within the cluster, BbTwist was closer to those in the present lancelet species did not express
Bbtwist.the vertebrate proteins than Drosophila Twist. The bHLH
domain of BbTwist shared 84% sequence identity with that At the earliest larval stage (L1), the expression was re-
stricted to both ends of the body (Fig. 3g). Posteriorly, theof Drosophila Twist and 94% with those of Xenopus, mice,
and human (Fig. 2b). Comparison of BbTwist with Xenopus, hybridization signals were observed in the newly forming
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FIG. 1. Nucleotide and deduced amino acid sequences of a lancelet Bbtwist cDNA clone, AT2. The putative translation initiation site is
located at the ATG from 147 to 149. The box encloses the putative basic helix±loop±helix domain. The restriction enzyme sites used to
construct the riboprobes are underlined. The putative polyadenylation site (2068±2073) and poly(A)/ tail (2113±2118) are double underlined.
somites and the caudal region of the notochord in between coelom which differentiated from the right lateral diverticu-
lum (Figs. 3h, 4d, and 4e). The left lateral diverticulum de-them (Fig. 3i). Anteriorly, Bbtwist was continuously ex-
pressed in the anterior part of the notochord and in the head tached from the gut forming an isolated vesicle, in which the
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FIG. 2. (a) A dendrogram drawn by the neighbor-joining method, based on the basic helix±loop±helix (bHLH) domain and ¯anking region
from 17 proteins. The lancelet protein (BbTwist) forms a cluster with other Twist-related proteins and mouse Dermo-1. Within the cluster,
the BbTwist is closer to the vertebrate Twist-related proteins than Drosophila Twist. (b) Comparison of the amino acid sequence of the
bHLH domain of the BbTwist with that of some related bHLH proteins. MyoD is used as a reference for subdomains which are shown
under the alignment. Identical amino acid residues are shown as inversed letters. Sequence data were retrieved from the GenBank or PIR
Databases as follows; human Twist (X91662), mouse M-twist (M63650), mouse Dermo-1 (U36864), Xenopus X-twi (M27730), Drosophila
twist cDNA (X14569), chick dHAND (U40040), mouse dHAND (U40039), mouse HED (U43715), mouse TAL2 (M81077), human TAL2
(M81078), nematode lin-32 (S52415), mouse Paraxis (U18658), mouse Scleraxis (S78079), mouse myf-5 (S22825), mouse MyoD (M18779),
and mouse NeuroD (U28068). c; chick, h; human, m; mouse.
hybridization signals were not detected (Figs. 4f and 4g). The seen in the other animals (Thisse et al., 1987b; Hopwood et
expression in the head coelom persisted longer than that in al., 1989; Wolf et al., 1991). However, unlike in Drosophila,
the anterior part of the notochord until the end of stage L1 Bbtwist was not transcribed during initial mesoderm forma-
(Fig. 4h). In L2 larvae, in which the mouth develops on the tion as seen in the blastopore lip. Although the somato-
left side posterior to the preoral pit, Bbtwist was expressed pleure in vertebrates is a tissue that expresses twist-related
very weakly in the posterior differentiating somites and noto- genes, this was not the case in the lancelet species. Only
chord, whereas in L3 larvae there were no detectable signals the coelomic wall that expressed Bbtwist was the head coe-
(data not shown). During larval development, the lateral and lom. The expression patterns of Bbtwist appeared to corre-
ventromedial walls of somites extend ventrally to form the spond to the regions where undifferentiated mesodermal
coelom. The epidermis is lined with the lateral wall of ven- cells are located. These ®ndings suggest that Bbtwist func-
trally extending coelom, in which the lateral wall corresponds tions in the control of further differentiation of mesodermal
to the somatopleure in the vertebrate. The transcripts of cells, probably as a negative regulator of differentiation as
Bbtwist were not detected in the lateral wall of the coelom, seen in the adult myoblast differentiation of Drosophila
although the somatopleure is a tissue which expresses twist- (Currie and Bate, 1991). Regarding the role of Twist proteins
related genes (Hopwood et al., 1989; Wolf et al., 1991). from Drosophila and vertebrates, it is possible that the pro-
longed expression of Bbtwist in the anterior notochord andDISCUSSION
the head coelom is related to the timing of proliferation
Developmental Roles of Bbtwist and differentiation of cells constituting these organs. The
anterior expansion of the notochord seen solely in lanceletsThe expression pattern of Bbtwist showed that the func-
tion of this gene was limited to the mesodermal tissues as may be related to the persistent expression of Bbtwist.
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FIG. 3. Spatiotemporal expression of Bbtwist visualized by whole-mount in situ hybridization. Anterior is to the left in all the panels.
(a) Dorsal view of a late gastrula showing three spots of hybridization signals. The smaller two are at the presumptive ®rst somites and
the large signal near the blastopore (bp) is transcripts in the presumptive notochordal plate. Note that there is no signal at the margin of
the blastopore. (b) Lateral view of the embryo in (a) showing no signals in the surface ectodermal layer. (c) Dorsal view of an N1 embryo
showing a signal in the anterior region of the notochordal plate beneath the anterior neuropore (arrow). The other signals are seen in the
somites (so) and the posterior notochordal plate (cp). (d) Lateral view of an N1±N2 embryo showing a signal in the anterior part of the
notochordal plate (arrow). (e) Dorsal view of an N3 embryo showing a strong longitudinal signal in the midline of the notochord (arrow).
(f) Lateral view of an N3 embryo showing a signal (arrow) in the dorsal anterior end of the primitive gut (pg), where the lateral diverticulum
is appearing. Also note a ¯oating cell in the posterior of the primitive gut (arrowhead), which does not express Bbtwist. (g) Lateral view
of an L1 larva showing signals at both ends of the body. (h) Magni®cation of the anterior dorsal view of the larva in (g). The transcripts
are found in the notochord and the head coelom (arrow). (i) Magni®cation of the posterior dorsal view of the same larva in (g) showing
the signals in newly forming somitic mesoderm and notochord. Scale: 50 mm in a±f, h, and i, and 100 mm in g.
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FIG. 4. Plastic sections of the lancelet embryos and larvae. Anterior is to the left in b and d, and to the right in i. (a) Transverse section
of an N2 embryo which was subjected to whole-mount in situ hybridization showing signals at the lateral wall of somite (arrows) and
the dorsal and ventral parts of the notochord (asterisk). (b) Horizontal section of an N2 embryo subjected to whole-mount in situ hybridiza-
tion showing signals in the lateral wall of somites (arrows) and the anterodorsal wall of the primitive gut (double arrows), as well as in
the notochord (nc). (c) Transverse section at slightly anterior to the anterior neuropore of an N2 embryo showing the evaginating lateral
diverticula (ld). (d) Horizontal section of the anterior part of an L1 larva showing the head coelom (hc) and the preoral pit (pp) which were
differentiated from the lateral diverticula. (e±h) Transverse sections of the snout of an early L1 larva (e±g, ordered anterior to posterior)
and of a later L1 larva (h) which were subjected to whole-mount in situ hybridization. The anterior of the notochord and the head coelom
express Bbtwist (e and f), but the preoral pit, which forms a cyst, does not (f and g). In g, the signal in the ®rst somite is seen (arrows).
(h) The anterior of the head coelom expresses the transcripts (arrow) in a later L1 larva. (i) Midsagittal section of an N1 embryo showing
no prechordal plate-like region (arrow). np; anterior neuropore, pg; primitive gut. Scale: 20 mm in c and e±h, and 50 mm in a, b, d, and i.
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FIG. 5. A diagram illustrating possible relationships between the mesodermal sources of nonchordate deuterostomes, cephalochordates,
and vertebrates. The expression patterns of the mesoderm-speci®c marker genes and developmental morphology suggest that cephalochor-
dates share the capability to form mesoderm at the tip of the primitive gut with nonchordate deuterostomes, as well as the dorsal
mesoderm with vertebrates.
It is interesting that the expression of Bbtwist was limited posterior undifferentiated mesoderm (Wilkinson et al.,
1990), are expressed throughout the middorsal wall of theto the lateral wall of somites at N2 stage. In vertebrates,
twist-related genes are not expressed in the myotomal re- primitive gut in neurula embryos (Holland et al., 1995a).
Although Holland et al. (1995a) prefer the existence of thegion (Hopwood et al., 1989; Wolf et al., 1991; FuÈ chtbauer,
1995). It has been also experimentally con®rmed that the prechordal plate, the expression patterns of AmBra genes
indicate that the anterior region of the middorsal wall ofdifferentiation of M-twist-transfected myogenic cells is im-
paired (Hebrok et al., 1994). In a Caribbean lancelet species, the gut is recruited to the notochord as early as at young
neurula stage. The expression of Bbtwist in the anterioralkali myosin light chain gene (AmphiMLC-alk) is ex-
pressed in the medial wall of the differentiating somites as notochordal plate also indicates that the anterior elongation
of the notochord is set up at a rather early stage. These linesearly as at stage N2 (Holland et al., 1995b). At this stage,
Bbtwist is transcribed only in the lateral wall complemen- of evidence seem to deny the existence of a prechordal plate
in lancelets.tary to the expression of AmphiMLC-alk, suggesting
Bbtwist gene has a negative function in the differentiation The other problematic structure is the lateral diverticu-
of muscle cells found in vertebrates. lum. The paired lateral diverticula show an asymmetric
development. The left diverticulum is separated from the
gut wall and forms a new opening externally, differentiating
Bbtwist Expression and Anterior Characteristics into the preoral pit. When the oral hood is formed, the pre-
oral pit is located in its ceiling and differentiates into aThe prechordal plate (Oppel, 1890) or prechordal meso-
gland-like organ (Hatschek's pit). Since Hatschek's pit se-derm (Adelmann, 1926) found in all the vertebrates is a
cretes materials similar to those of the vertebrate adenohy-transient structure and a source of head mesoderm, showing
pophysis, Nozaki and Gorbman (1992) regarded it as a ho-histological differences from the notochord. Whether lance-
mologous structure with the adenohypophysis. On the rightlets possess the homologous structure with the prechordal
side, the diverticulum is also separated from the gut andplate is problematic. Based on the observation that the ante-
changes into the wall of the head coelom (Hatschek, 1881).rior region of the notochord differentiates slightly later, Wil-
Similar organogenetic patterns are found in echinodermley (1891) regarded the anterior extension of the notochord
and enteropneust embryos. The former produces paired co-as a secondary acquired characteristic and suggested the
elomic vesicles from the tip of the primitive gut (Okazaki,existence of a prechordal region. However, it was dif®cult
1975) and the latter unpaired primary coelom (Bateson,in the present study to identify a prechordal plate-like re-
1884), irrespective of an enterocoelic or schizocoelic man-gion in histological sections of N1 embryos (Fig. 4i). The
ner. The primary coelom in enteropneusts forms an openinglancelet Brachyury-related genes, AmBra-1 and -2, whose
mouse cogate is expressed exclusively in the notochord and to the outside similar to the left diverticulum in lancelets
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(Heider, 1909). Bbtwist expression in the anterior wall of togenic mesenchyme clusters on the oral side. However,
the oral±aboral localization is set up with the precedingthe primitive gut and in the lateral diverticulum indicates
that the anterior wall of lancelets retains the capability to region-speci®c molecules during mid to late cleavage stages
(Mao et al., 1995; Kirchhamer and Davidson, 1996). Suchproduce a mesodermal subpopulation, from which the co-
elom is formed as seen in echinoderm and enteropneust molecules may give a clue as to the anterior speci®city of
lancelet larvae. In regard to the formation of mesoderm,embryos.
In several vertebrate species, the prechordal plate pro- lancelets possess the ability to produce a mesodermal popu-
lation in broad area of the tip of the primitive gut similarduces a somite-like vesicle(s) called the preoral head cavity
(Balfour, 1881) or premandibular somite (Johnson, 1913) to nonchordate deuterostomes, as well as the dorsal gut
wall which can produce a continuously distributed dorsalduring mesenchyme formation. The prechordal mesoderm
has been regarded the source of eye muscles innervated by mesoderm similar to vertebrates (Fig. 5). The development
of lancelets thus requires further comparative studies in-the oculomotor nerve (Goodrich, 1930; Jacob et al., 1984).
Koltzoff (1901) homologized the lancelet lateral diverticula volving nonchordate deuterostomes which have received
little attention compared with those involving vertebrates.with the premandibular somites including the preoral gut
(Seessel's pouch; Jefferies, 1986) because of their similarity
of topology and developmental manner; the dorsal wall of
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